Abstract
Introduction

30
Pesticides are used with the primary objective to control agricultural pests and to increase crop 31 yield. It is estimated that for example the economic return of the usage of pesticides from the past 32 60 years in the USA is around $16 billion per year [1, 2] . The grain production in India increased 33 nearly fourfold over a period of 50 years from 1948, and similar patterns are found in countries all 34 over the world [1, 3] . With a projected increase in the world population from 6.1 billion in 2000 to 35 9.1 billion in 2050 the pressure on high crop yields will be even growing [4] . However, pesticides 36 have by definition toxic properties and can distribute within several media like air, soil and water, 37 followed by uptake into the tissues of living organisms including humans where they can be subject 38 to bioaccumulation and lead to negative effects [5] [6] [7] . The predominant exposure pathway for the 39 general public is thereby the intake of pesticides via residues in treated food crops [8, 9] . In 2008, a 40 study investigating the presence of pesticides in food commodities throughout the 27 European
41
Union member states and Norway and Iceland with 11610 samples found residues of 365 different 42 pesticides in fruits and vegetables [10] . The percentage of samples with residues of two or more containing residues of several pesticides to be 15% and 26%, respectively, underlining the presence 45 of pesticide residues in food commodities [10] .
46
As controlled usage of agricultural pesticides is important, modeling of pesticide distribution in combinations are still not available, but need to be estimated instead. As a rule of thumb, the 63 disappearance half time from plants is four times faster than that from soil [16] . However, this easy 64 rule was disputed by use of other data sets, and a log-log regression for the relation between 65 disappearance in soil and plants was suggested instead [17] . A recent study showed that also plant 66 characteristics, temperature, and study conditions affect the overall dissipation of pesticides in found metabolism, photolytic degradation on plant surfaces, volatilization to air and dilution due to 74 plant growth to be potentially significant processes. Of these, volatilization from plant surfaces to 75 air is a well-known loss process contributing to overall dissipation from plants. Van Degradation has been reported to be one of the predominant dissipation processes [25] [26] [27] in such experiments. The transferability of these results to field conditions is thus uncertain.
97
However, in vivo degradation by plants is difficult to track due to the complexity of processes.
98
Radiolabeled compounds have been used in several studies, e.g., Trapp et al. [29] , but this method 99 is restricted to laboratory or controlled lysimeter studies. In those studies, the concentration of 100 transformation products is usually higher in plants than in soil. This indicates fast metabolism by 101 plant cells, but polar metabolites may concentrate in plants due to translocation from soil.
102
Even though individual dissipation processes are known and described, there is a lack of knowledge 103 on the contribution of these processes to the overall dissipation of pesticides from plants. Hence, an 104 accurate model able to describe the dissipation through both degradation and non-degradation 
Methods
116
Model description
117
A coupled soil and plant uptake modeling framework was applied and extended that describes the (Table S1 ). The data set includes herbicides, (Table S1 ). The chemical properties range from log K OW -3.8 Therefore, the peak of the modeled concentrations of the leaf compartments is identical with the 216 peak of the measured concentrations (Fig. 1a) . The modeled dissipation of triazophos is lower than concentrations are 3.7, 3.7 and 5.9 days for the 125, 250 and 500 g/ha applications, respectively.
255
The corresponding simulated half-life is 2.92 days for all three scenarios, and this includes the Table S1 ). The minimum, geometrical mean and maximum of literature 262 data together with the calculated loss rates, the contribution of individual processes, and the 263 difference between experimental and calculated loss rates is shown for each pesticide in the SI 264 (Tables S2 and S3 ).
265
Most of the calculated loss rates -sum of growth dilution and volatilization minus uptake from soil
266
-are in a narrow band between 0.05 and 0. effect of uptake from soil is a negative loss rate, i.e. input to the plant. Due to the non-steady 304 precipitation events (rain every 7 days) the line is not smooth.
305
The contribution of individual loss processes of nine example compounds is shown in Table 1 average of the 42 compounds of the study. The scenario is tomato grown in Copenhagen.
310
The growth dilution for all nine chemicals in each of the four plant compartments is identical, 0.06, are all more soluble, the dominant loss process from roots and stems is translocation upwards.
316
Uptake from soil balances the loss by translocation to a varying degree, most for compound no. 4
317
(the theoretical compound with log Kow 1.5) and no. 7 azoxystrobin, a non-volatile medium polar points. This was expected because the three simulations do not include internal plant degradation.
332
The simulation of penconazole (Figures 1d-f reported in the literature.
341
Location matters. As can be seen in Figures 2a-f , the differences in measured dissipation rates (and 342 thus perhaps also of degradation rates) can be considerable. In the simulations, the dissipation rate
343
for Shanghai was in many cases less than that for Copenhagen, but only after uptake from soil was 344 added. Both temperatures and precipitation are higher in Shanghai, and subsequently also 345 transpiration and translocation from soil to plant are higher, leading to increased uptake of 346 compound from soil to plant. This uptake from soil depends very much on the chemical properties.
347
In Figure 1bc a strong effect of tralkoxydim uptake from soil leads to an increase and delay of the 348 peak. This is not the case for triazophos (Figure 1a ). Triazophos has a log K OW of 3.5 and sorbs 349 stronger to the soil organic carbon than tralkoxydim with a log K OW of 2.1. Methomyl had the 350 highest change of loss rates due to uptake from soil in Table 1 . In agricultural practice, the good soil. In summary, the underlying processes are complex, highly variable, site-specific and difficult 361 to predict.
362
Higher temperature is typically associated with higher degradation rates [18, 25, 55 Tables S2 and S3 
